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Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
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education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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{National Foreword, last paragraph) — Insert the following new paragraphs at the end: 

'The standard also makes a reference to the BIS Certification Marking of the product, details of which is 
given in National Annex A. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance 
with IS 2 : 1960 'Rules for rounding off numerical values {revised)'. The number of significant places 
retained in the rounded off value should be same as that of the specified value in this standard.' 

{Page 39) — Insert the following National Annex A at the end of the standard: 

NATIONAL ANNEX A 

(National Foreword) 

A-l BIS CERTIFICATION MARKING 

The product may also be marked with the Standard Mark. 

A-l.l The use of the Standard Mark is governed by the provisions of the Bureau of Indian Standards Act, 
1986 and the rules and regulations made thereunder. The details of the conditions under which the license 
for the use of Standard Mark may be granted to manufacturers or producers may be obtained from Bureau 
of Indian Standards.' 



(MHR18) 



Reprography Unit, BIS, New Delhi, India 



Electromedical Equipment Sectional Committee, MHR 15 



NATIONAL FOREWORD 

This Indian Standard (Part 2/Sec 7) which is identical with IEC 60601 -2-7 (1 998) 'Medical electrical equipment 
— Part 2-7 : Particular requirements for the safety of high-voltage generators of diagnostic X-ray generators' 
issued by the International Electrotechnical Commission (IEC) was adopted by the Bureau of Indian Standards 
on the recommendation of the Electromedical Equipment Sectional Committee and approval of the Medical 
Equipment and Hospital Planning Division Council. 

This standard was first published in 1 975 and will supersede existing Indian Standard IS 7620 (Part 1 ) : 1 986 
'Medical electrical equipment — Diagnostic X-ray equipment: Part 1 Mechanical and electrical safety 
requirements' to incorporate latest modern technologies. 

The text of the IEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be read as 
'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice is to 
use a point (.) as the decimal marker. 

The technical committee responsible for the preparation of this standard has reviewed the provisions of the 
following International Standards and has decided that they are acceptable for use in conjunction with this 
standard: 



International Standard 
IEC 60601-1 (1988) 1 > 
IEC 60601-1-3(1994) 

IEC/TR 60788 (2004) 



Title 

Medical electrical equipment — Part 1 : General requirements for safety 

Medical electrical equipment — Part 1-3 : General requirements for safety — 
Collateral standard : General requirements for radiation protection in diagnostic 
X-ray equipment 

Medical electrical equipment — Glossary 



Since revised in 2005. 
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Indian Standard 
MEDICAL ELECTRICAL EQUIPMENT 

PART 2 PARTICULAR REQUIREMENTS FOR THE SAFETY 

Section 7 High-Voltage Generators of Diagnostic X-Ray Generators 

SECTION 1: GENERAL 

The clauses and subclauses of this section of the General Standard apply except as follaws: 

1 Scope and object 

This clause of the General Standard applies except as follows: 

1.1 Scope 

Replacement: 

This Particular Standard applies to high-voltage generators of medical diagnostic X-ray 
generators and to their subassemblies including the following: 

- high-voltage generators that are integrated with an X-ray tube assembly; 

- high-voltage generators of radiotherapy treatment simulators. 

Where appropriate, requirements for X-ray generators are given but only where these 
concern the functioning of the associated high-voltage generator. 

This standard excludes 

- capacitor discharge high-voltage generators (these are covered by IECB0601-2-15), 

- high-voltage generators for mammography, 

- high-voltage generators for reconstructive tomography. 

1.2 Object 

Replacement: 

The object of this standard is to establish particular requirements to ensure safety and to 
specify methods for demonstrating compliance with those requirements. 

NOTE 1 - Requirements for reproducibility, linearity, constancy and accuracy are given because of their 
relationship to the quality and quantity of the ionizing radiation produced, and are confined to those considered 
necessary for safety. 

NOTE 2 - Both the levels for compliance and the tests prescribed to determine compliance reflect the fact that the 
safety of high-voltage generators is not sensitive to small differences in levels of performance. The combinations 
of loading factors specified for the tests are, therefore, limited in number but chosen from experience as being 
appropriate in most cases. It is considered important to standardize the choice of combinations of loading factors 
so that comparison can be made between tests performed in different places on different occasions However 
combinations other than those specified could be of equal technical validity. 

NOTE 3 - The safety philosophy on which this standard is based is described in the introduction to the General 
Standard and in IEC 60513. 
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NOTE 4 -Concerning radiological protection it has been assumed in the preparation of this standard 
that manufacturers and users do accept the general principles of the ICRP as stated in ICRP 60, 1990, 
paragraph -112, 1 ) namely: 

a) "No practice involving exposures to radiation should be adopted unless it produces sufficient benefit to the 
exposed individuals or to society to offset the radiation detriment it causes. (The justification of a practice.) 

b) In relation to any particular source within a practice, the magnitude of individual doses, the number of 
people exposed, and the likelihood of incurring exposures where these are not certain to be received should 
ail be kept as low as reasonably achievable, economic and social factors being taken into account. This 
procedure should be constrained by restrictions on the doses to individuals (dose constraints), or the risks to 
individuals in the case of potential exposures (riskponstraints), so as to limit the inequity likely to result from 
the inherent economic and social judgements. (The optimisation of protection.) 

c) The exposure of individuals resulting from the combination of all the relevant practices should be subject to 
dose limits, or to some control of risk in the case of potential exposures. These are aimed at ensuring that 
no individual is exposed to radiation risks that are judged to be unacceptable from these practices in any 
normal circumstances. Not all sources are susceptible of control by action at the source and it is necessary 
to specify the sources to be included as relevant before selecting a dose limit. (Individual dose and risk 
limits)." 

NOTE 5 - Most of the requirements on X-ray equipment and its subassemblies for protection against ionizing 
radiation are given in the Collateral Standard IEC 60601-1-3. 

This standard does, however, deal with some aspects of radiological protection, mainly those that depend upon 
the supply, control and indication of electrical energy from the high-voltage generator. 

NOTE 6 - It is recognized that many of the judgements necessary to follow the ICRP general principles have to be 
made by the user and not by the manufacturer. of the equipment. 

1.3 Particular Standards 

Addition: 

This Particular Standard, hereinafter referred to as "this standard", amends and supplements 
a set of IEC publications, hereinafter referred to as "General Standard", consisting of 
IEC 60601-1: 1988, Medical electrical equipment - Part 1: General requirements for safety, its 
amendments 1 (1991) and 2 (1995), and alt Collateral Standards. The numbering of sections, 
clauses and subclauses of this standard corresponds to that of the General Standard. The 
changes to the text of the General Standard are specified by the use of the following words: 

"Replacement" means that the clause or subclause of the General Standard is replaced 
completely by the text of this standard. 

"Addition" means that the text of this standard is additional to the requirements of the General 
Standard. 

"Amendment" means that the clause or subclause of the General Standard is amended as 
indicated by the text of this standard. 

Subclauses or figures which are additional to those of the General Standard are numbered 
starting from 101, additional annexes are lettered AA, BB, etc., and additional items aa), bb), etc. 

Where there is no corresponding section, clause or subclause in this standard, the section, 
clause or subclause of the General Standard applies without modification. 

Where it is intended that any part of the General Standard, although possibly relevant, is not to 
be applied, a statement to that effect is given in this standard. 

A requirement of this standard replacing or modifying requirements of the General Standard 
takes precedence over the original requirements concerned. 



1 ) ICRP Publication 60: Recommendations of the International Commission on Radiological Protection {Annals of 
the ICRP Vol. 21 No 1-3, 1990). Published by Pergamon Press. 
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1.3.101 Related International Standards 



This standard requires high-voltage generators, or subassemblies thereof, to comply with 
the applicable requirements of IEC 60601-1-3. 

NOTE - IEC 60601-1-3 contains the following: 

"In the following iEC standards, requirements that relate to medical diagnostic X-ray equipment are superseded by 
the requirements in this Collateral Standard: 

IEC 60407: 1 973, Radiation protection in medical X-ray equipment 10 kV to 400 kV 

IEC 60407A: 1975, First supplement to IEC 60407 ." 

Attention is drawn to the existence of the following IEC publications: 

IEC 6041 7P: 1997, Graphical symbols for use on equipment: Index, survey and compilation of 
the single sheets - Fifteenth supplement 

IEC 60601-2-15:1988, Medical electrical equipment - Part 2: Particular requirements for the 
safety of capacitor discharge X-ray generators 

IEC 60601-2-28:1993, Medical electrical equipment - Part 2: Particular requirements for the 
safety of X-ray source assemblies and X-ray tube assemblies for medical diagnosis 

IEC 60601-2-32:1994, Medical electrical equipment - Part 2: Particular requirements for the 
safety of associated equipment of X-ray equipment 

IEC 60613:1989, Electrical, thermal and loading characteristics of rotating anode X-ray tubes 
for medical diagnosis 

IEC 60664-1:1992, Insulation coordination for equipment within low-voltage systems - Part 1: 
Principles, requirements and tests 

IEC 60788: 1984, Medical radiology - Terminology 

ISO 497:1973, Guide to the choice of series of preferred numbers and of series containing 
more rounded values of preferred numbers 

ISO 3665:1976, Photography - Intra-oral dental radiographic film - Specifications 

ISO 7000:1989, Graphical symbols for use on equipment - index and synopsis 

2 Terminology and definitions 

This clause of the General Standard applies except as follows: 

Addition before 2.1 : 

In this standard, terms printed in small capitals are used in accordance with their definitions 
in the General Standard or in IEC 60788. 

NOTE -■ Attention is drawn to the fact that, in cases where the concept addressed is not strongly confined to the 
definition given in one of the publications listed above, a corresponding term is printed in lower case letters. 

An index of defined terms used in this standard is given in annex AA. 

Associated conditions qualifying the usage of certain terms are given in 2.101. 

aa) In this standard unless otherwise indicated: 

- values of X-ray tube voltage refer to peak values, transients being disregarded; 

- values of X-ray tube current refer to average values. 

3 
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bb) The electric power in the high-voltage circuit mentioned in 6.8.2 a) 3) and 6.8.2 a) 4) is 
calculated according to the formula: 

P = fUI 

where 

P is the electric power; 

f is the factor depending on the waveform of the X-ray tube voltage, selected as below and is 

a) 0,74 for ONE-PEAK HIGH-VOLTAGE GENERATORS and TWO-PEAK HIGH-VOLTAGE GENERATORS, Or 

b) 0,95 for SIX-PEAK HIGH-VOLTAGE GENERATORS, or 

C) 1 ,00 for TWELVE-PEAK HIGH-VOLTAGE GENERATORS and CONSTANT POTENTIAL HPGH-VOLTAGE GENERATORS; Or 

d) for other high-voltage generators, the most appropriate value, 0,74, 0,95 or 1,00, chosen according to the 
waveform of the X-ray tube voltage, with a statement of the value selected; 

U is the X-ray tube voltage; 

/ is the X-ray tube current. 

Addition: 

2.101 Qualifying conditions for defined terms 

2.101 .1 Operating conditions for nominal X-ray tube voltage 

Nominal X-ray tube voltage is defined in IEC 60788 (rm-36-03) as the highest permitted 
X-ray tube voltage for specific operating conditions. In this standard, if specific operating 
conditions are not stated, it is to be assumed that the value referenced is unconditional and is 
thus the highest X-ray tube voltage permitted for normal use of the item under 
consideration. Such a value cannot be higher, but is sometimes lower, than values permitted 
for certain separate subassemblies or parts of the item. 

2.101 .2 Percentage ripple in constant potential high-voltage generators 

Unless otherwise stated, it is to be assumed that for a high-voltage generator to be 
regarded as a constant potential high-voltage generator, the percentage ripple of its 
output voltage (under the relevant conditions) xJoes not exceed 4. 

2.101.3 Radiation quantity for nominal shortest irradiation time 

The definition of nominal shortest irradiation time refers to a required constancy of a 
radiation quantity. In this standard the radiation quantity concerned is air kerma. 

2.1 01 .4 Irradiation time 

Generally the irradiation time is measured in terms of loading time as the time interval 
between: 

- the instant that the X-ray tube voltage has risen for the first time to a value of 75 % of the 
peak value; and 

- the instant at which it finally drops below the same value. 

For systems in which loading is controlled by electronic switching of the high voltage, using a 
grid in an electronic tube or in the X-ray tube, the loading time may be determined as the time 
interval between the instant when the timing device generates the signal to start the 
irradiation and the instant when it generates the signal to terminate the irradiation. 

For systems in which loading is controlled by simultaneous switching in the primaries of both 
the high-voltage circuit and the heating supply for the filament of the X-ray tube, the loading 
time shall be determined as the time interval between the instant when the X-ray tube 
current first rises above 25 % of its maximum value and the instant when it finally falls below 
the same value. 

4 
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3 General requirements 

This clause of the General Standard applies except as follows: 

3.1 Addition: 

High-voltage generators shall be designed so as not to deliver in normal use, to any 
connected X-ray tube assembly, a voltage greater than the nominal X-ray tube voltage for 
the X-ray tube assembly concerned. 

5 Classification 

This clause of the General Standard applies except as follows: 
5.1 Replacement: 

HrGH-VOLTAGE GENERATORS shall be CLASS I EQUIPMENT or INTERNALLY POWERED EQUIPMENT. 

5.6 Replacement: 

Unless otherwise specified, high-voltage generators or subassemblies thereof shall be 
classified as suitable for continuous connection to the supply mains in the stand-by state and 
for specified loadings; see also 6.1 m) and 6.8.101. 

6 Identification, marking and documents 

This clause of the General Standard applies except as follows: 
6.1 Marking on the outside of equipment or equipment parts 

g) Connection to the supply 
Addition: 

- For high-voltage generators that are specified to be permanently installed, the 
information required in 6.1 g) of the General Standard may be stated in the accompanying 
documents only. 

h) Supply frequency 
Addition: 

- For high-voltage generators that are specified to be permanently installed, the 
information required in 6.1 h) of the General Standard may be stated in the accompanying 
documents only. 

j) Power input 
Addition: 

For high-voltage generators that are specified to be permanently installed, the information 
may be stated in the accompanying documents only. 

The information on the input power shall be specified in terms of combinations of 

1) the rated mains voltage of the X-ray generator in volts; see item g), 

2) the number of phases; see item g), 

3) the frequency, in hertz; see item h), 

4) the maximum permissible value for apparent resistance of supply mains, in ohms; 

5) the characteristics of over-current releases required in the supply mains. 
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m) Mode of operation 
Replacement: 

The mode of operation - where appropriate, together with maximum permissible ratings - shall 
be stated in the accompanying documents; see 6.8.101. 

n) Fuses 
Addition: 

For high-voltage generators that are specified to be permanently installed, this subclause of 
the General Standard does not apply; see item j). 

p) Output 

Replacement: 

This subclause of the General Standard does not appty. 

t) Cooling conditions 
Addition: 

The cooling requirements for the safe operation of a high-voltage generator, or a sub- 
assembly thereof, shall be indicated in the accompanying documents, including as 
appropriate: 

- the maximum heat dissipation into the surrounding air, given separately for each sub- 
assembly that dissipates more than 100 W and might be separately located on installation; 

- the maximum heat dissipation into forced air cooling devices, and the corresponding flow 
rate and temperature rise of the forced air stream; 

- the maximum heat dissipation into a cooling medium utility and the permissible input 
temperature range, minimum flow rate and pressure requirements for the utility. 

Addition: 

aa) Marking of compliance 

If, for a high-voltage generator or subassembly thereof, compliance with this standard is to 
be marked on the outside of the equipment, such marking shall be made in combination with 
the model or type reference as follows: 

[MODEL OR TYPE REFERENCE] IEC 60601-2-7 

6.7 Indicator lights and push-buttons 

a) Colours of indicator lights 

Addition after the first paragraph: 

For high-voltage generators, the colours to be used for indicator lights shall be as follows: 

- the colour green shall be used at the control panel to indicate the state from which one 
further action leads to the loading state; see 29. 1.1 02 -a); 

- the colour yellow shall be used at the control panel to indicate the loading state* see 
29.1.102 b). 

NOTE - The colours of indicator lights need to be chosen according to the message to be given. Thus the same 
operational state of an equipment can have simultaneous indications in different colours depending upon the place 
of indication, for example green at the control panel and red at the entrance to the examination room 
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6.8 Accompanying documents 

6.8.2 Instructions for use 

a) General information 

Addition: 

Electric output data shall be stated in the instructions for use in terms of loading factors 
as described in 6.8.2 a) 1) to 6.8.2 a) 6). 

For diagnostic devices in which part of the high-voltage generator is integrated with the 
X-ray tube assembly (for example X-ray tube heads) the stated values shall refer to the 
complete device. 



The following combinations and data shall be stated: 

1) For both continuous mode and intermittent mode, the corresponding nominal X-ray 
tube voltage together with the highest X-ray tube current obtainable from the high- 
voltage generator when operated at that X-ray tube voltage. 

2) For both continuous mode and intermittent mode, the corresponding highest X-ray 
tube current together with the highest X-ray tube voltage obtainable from the high- 
voltage generator when operating at that X-ray tube current. 

3) For both continuous mode and intermittent mode, the corresponding combination of 
X-ray tube voltage and X-ray tubecurrent which results in the highest electric output power. 

4) The nominal electric power given as the highest constant electric output power in 
kilowatts which the high-voltage generator can deliver, for a loading time of 0,1 s at an 
X-ray tube voltage of 100 kV or, if these values are not selectable, with an X-ray tube 
voltage nearest to 100 kV and the value of loading time nearest to but not less than 0,1 s. 

The nominal electric power shall be given together with the combmation of X-ray tube 
voltage and X-ray tube current and the loading time. 

5) For high-voltage generators indicating precalculated or measured current time 
product, the lowest current time product or the combinations of loading factors 
resulting in the lowest current time product. 

If the value of the fewest current time product depends upon the X-ray tube voltage or 
upon certain combinations of values of loading factors, the lowest current time product 
may be given as a table or curve showing the dependence. 

6) For high-voltage generators provided with automatic exposure control systems 
controlling the irradiation time, the nominal shortest irradiation time. 

If the nominal shortest irradiation time depends upon loading factors such as X-RAY 
tube voltage and X-ray tube current, the ranges of these loading factors for which the 
nominal shortest irradiation time is valid shall be stated. 

For high-voltage generators provided with automatic exposure control systems 
controlling the X-ray tube voltage or the X-ray tube current the maximum possible 
excursion of the X-ray tube voltage or the X-ray tube current during the irradiation 
shall be stated in the instructions for use. 
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6.8.3 Technical description 

a) General 
Addition: 

The technical description shall contain information about the combination or, if necessary, the 
combinations of subassemblies and accessories of an X-ray generator with which 
compliance with the requirements of 50.101 and 50.102 can be shown; see 50.1. 

NOTE - Attention is drawn to the usefulness in the technical description of 

- data and essential characteristics to determine the ratings of an earth leakage circuit breaker, or 

- indication of the types of earth leakage circuit breakers which can be used with the high-voltage 

GENERATOR. 

Addition: 

6.8.101 Reference to accompanying documents 

Clauses and subclauses of this standard in which additional requirements concerning the 
content of accompanying documents are given: 

Mode of operation and specified loadings 5.6 and 6.1 m) 

Connection to the supply 6.1 g) 

Number of phases of supply mains 6.1 g) and 6.1 j) 2) 

Frequency of supply mains 6.1 h) and 6.1 j) 3) 

Power input 6.1 j) 

Mains voltage 6.1 j) 1) 

Apparent resistance of supply mains 6.1 j) 4) and 10.2.2 

Over-current release 6.1 j) 5) 

Fuses 6.1 n) 

Cooling conditions 6.1 t) 

Electric output data, combinations of loading factors 6.8.2 a) and 50.101 

Suitable combinations for compliance test 6.8.3 a) and 50.1 

Earth leakage circuit breaker 6.8.3 a) 

Compliance with this standard 6.8.102 

Central connection point protective earth conductor 19.3 

Range and interrelation of loading factors 29.1.102 e) 

Test conditions for automatic control in intermittent mode 29.1.102 e) 

Method to check the automatic intensity control and 

AUTOMATIC EXPOSURE CONTROL 29.1.104 f) 

Equal intervals on scales 29.1.106 e) 

Combinations with the high-voltage generator 50.1 

Suitable test combinations 50.1 

Loading factors and modes of operation 50.101.1 a) 

Loading factors in fixed combinations 50.101.2 a) 

Provisions for semi-permanent values of loading factors 50.101.2 b) 

Density correction of automatic exposure control 50.102.2 dd) 2) 

6.8.102 Statement of compliance 

If, for an X-ray generator or a high-voltage generator, or a subassembly of the latter, 
compliance with this standard is to be stated, the statement shall be made in the following form: 

X-ray generator [model or type reference] IEC 60601 -2-7:1 998 or 

High-voltage generator [model or type reference] IEC 60601-2-7:1998 or 

[Name of subassembly] [model or type reference] IEC 60601 -2-7:1 998. 
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SECTION 2: ENVIRONMENTAL CONDITIONS 
The clauses and subclauses of this section of the General Standard apply except as follows: 
10 Environmental conditions 

This clause of the General Standard applies except as follows: 

10.2.2 Power supply 

Item a) 

Addition: 

The internal impedance of a supply mains is to be considered sufficiently low Tor the operation 

Of a HIGH-VOLTAGE GENERATOR if the value of the APPARENT RESISTANCE OF SUPPLY MAINS does 

not exceed 

• the appropriate reference value according to table 101, or 

• the value specified according to 6.1 j) 4), whichever is the greater. 

Table 101 - Reference values for the apparent resistance of supply mains 



Waveform of 
high voltage 


Nominal 

electric power 

according to 

6.8.2 a) 4) 

kW 


Nominal mains voltage 
V 


480 


440 


415 


400 


240 


230 


208 


120 


Apparent resistance of supply mains 
a 


One-peak 


0,5 

1.0 

2,0 

4,0 

*,0 

10,0 

16,0 


2,4 

1.6 

1,0 

0,50 

0,40 

0,24 


2,0 

1.3 

0,80 

0,40 

0,34 

0,20 


1.79 
1,19 
0,72 
0,36 
0,30 
0,18 


1,66 
1,-10 
0,66 
0,33 
0,27 
0,17 


0,95 
0,60 
0,40 
0,24 
0,12 


0,81 
0,55 
0,36 
0,22 
0,11 


0,70 
0,45 
0,30 
0,18 
0,09 


0,15 
0,10 
0,06 
0,032 


Two-peak 


4,0 

8,0 

10,0 

16,0 

20,0 

32,0 

50,0 


1.6 

1.0 

0,80 

0,50 

0,40 

0,24 

0,16 


1,3 

0,80 

0,67 

0,40 

0,34 

0,20 

0,14 


1,19 
0,72 
0,60 
0,36 
0,30 
0,18 
0,12 


1,1 

0,66 

0,55 

0,33 

0,27 

0,17 

0,11 


0,40 
0,24 
0,18 
0,12 


0,36 
0,22 
0,18 
0,11 


0,30 
0,18 
0,14 
0,09 


0,10 
0,06 
0,045 
0,032 


Six-peak, 
twelve-peak 
and up to 
constant 
potential 


16,0 
20,0 
32,0 
40,0 
50,0 
75,0 
100 
150 


0,83 
0,64 
0,40 
0,32 
0,24 
0,16 
0,12 
0,08 


0,65 
0,50 
0,34 
0,27 
0,20 
0,14 
0,10 
0,07 


0,60 
0,48 
0,30 
0,24 
0,18 
0,12 
0,09 
0,06 


0,55 
0,44 
0,27 
0,22 
0,T7 
0,11 
0,09 
0,056 


0,19 
0,14 


0,18 
0,15 


0,14 
0,11 


0,045 
0,035 
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A supply derived from a local electric power generator is considered suitable only if it is 
approved as such by the manufacturer of the high-voltage generator. 

NOTE - If a nominal voltage is claimed for a mains power supply system, it is assumed that there is no voltage of a 
higher value between any of the conductors of the system, or between any of these conductors and earth. 

An alternating voltage is considered in practice to be sinusoidal if any instantaneous value of the waveform 
concerned differs from the instantaneous value of the ideal waveform at the same moment by no more than ±2 % of 
the peak value of the ideal waveform. 

A three : phase supply mains is considered to have a practical symmetry if it delivers symmetrical voltages and 
produces, when loaded symmetrically, symmetrical currents. 

Symmetrical voltages are considered to exist, if, when determined according to Fortescue's 
theorem 2 ), neither the magnitude of the negative sequence voltages nor the magnitude of the 
zero sequence voltages exceeds 2 % of the magnitude of the positive sequence voltages. 

Symmetrical currents are considered to exist if, when determined according to Fortescue's 
theorem 2 \ neither the magnitude of the negative sequence currents, nor the magnitude of the 
zero sequence currents exceeds 5 % of the magnitude of the positive sequence currents. 

NOTE - The requirements of this standard are based upon the assumption that thcee-phase systems have a 
symmetrical configuration of the mains voltage with respect to earth and include a neutral conductor, and that 
single-phase systems are derived from such three-phase systems. Where the supply system is not earthed at the 
source it is assumed that adequate measures have been provided to detect, limit and remedy any disturbance of 
symmetry within a reasonably short time. 

A high-voltage generator is considered to comply with the requirements of this standard only if its specified 
nominal electric power can be demonstrated at an apparent resistance of supply mains having a value not less 
than the relevant reference value in table 101 or not less than the apparent resistance of supply mains specified 
according to 6.1 j) 4), whichever is the greater. 

For this purpose, the apparent resistance of supply mains R is determined according to the formula: 

R = Up - Ui 
h 

where 

U is the no-load mains voltage; 
Ui is the mains voltage under load; 
/1 is the mains current under load. 

The mains voltage shall be measured between 

- phase and neutral in a single-phase system, 

- phase and phase in a two-phase system, 

- each two phases in a three-phase system. 

The apparent resistance of supply mains shall be measured by applying a single resistive 
load of a value corresponding approximately to the nominal electric power specified 
according to 6.8.2 a) 4), but not more than 30 kW. 

Reference values for the apparent resistance of supply mains for nominal mains voltages 
not included in table 101 may be interpolated or extrapolated, and shall be calculated on the 
basis that the reference value is proportional to the square of the nominal mains voltage. 

If values of nominal electric power between those given in table 101 are specified, it shall be 
possible to fulfil all requirements applying for the next lower value of nominal electric power 
given in table 101 with the apparent resistance of supply mains given for that lower value. 



2 ) C. L. Fortescue, Method of symmetrical co-ordinates applied to the solution of polyphase networks, Trans. 
AlEE. vol. 37, pp. 1027 - 1140, 1918. 
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SECTION 3: PROTECTION AGAINST ELECTRIC SHOCK HAZARDS 
The clauses and subclauses of this section of the General Standard apply except as follows: 

15 Limitation of voltage and/or energy 

This clause of the General Standard applies except as follows: 

Addition: 

aa) Detachable high-voltage cable connections shall either be designed so that the use of 
tools is required to disconnect them or they shall be provided with interlocks so that at all 
times when protective covers or high-voltage connections are removed 

- the high-voltage generator is disconnected from its power supply, and 

- capacitances in the high-voltage circuit are discharged within the minimum time necessary 
to gain access to the high-voltage circuit, and 

- the discharged state is maintained. 

Compliance is checked by inspection and by measurement. 

bb) Provision shall be made to prevent the appearance of an unacceptably high voltage in the 
mains part or in any other low-voltage circuit. 

NOTE - This may be achieved for example 

-by provision of a winding layer or a conductive screen connected to the protective earth terminal 
between high-voltage and low-voltage circuits, 

-by provision of a voltage limiting device across terminals to which external devices are connected and 
between which an excessive voltage might arise if the external path becomes discontinuous. 

Compliance is checked by inspection of design data and construction. 

16 Enclosures and protective covers 

This clause of the General Standard applies except as follows: 
Addition: 

NOTE - Requirements concerning the resistance and earthing of a flexible conductive screen of high-voltage cables 
connected to X-ray tube assemblies are given in IEC 60601-2-28. 

19 Continuous leakage currents and patient auxiliary currents 

This clause of the General Standard applies except as follows: 

1 9.3 Allowable values 

Addition: 

For high-voltage generators and subassemblies thereof the column on Type B and the rows 
on earth leakage current, in normal condition and single fault condition and on 
enclosure leakage current, in normal condition, of table IV including the notes of the 
General Standard apply. 
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The allowable values of earth leakage current are permitted for each subassembly of an 
X-ray equipment that is supplied by its own exclusive connection to the supply mains or to a 
central connection point, if the latter is fixed and permanently installed. 

A fixed and permanently installed central connection point may be provided inside the outer 
enclosure orsover of the high-voltage generator. If other subassemblies such as an X-ray 
source assembly or associated equipment are connected 1o the central connection point, the 
earth leakage current between such a central connection point and the external protective 
system may exceed the allowable values for any one of the single devices connected. 

NOTE - The limitation of the earth leakage currents within the environment of an X-ray equipment is intended to 
ensure that accessible parts do not become live and to prevent interference in other electrical equipment. 

The provision of a central connection point is acceptable, as for fixed and permanently installed equipment, the 
interruption of the protective earth conductor is not considered to be a single fault condition. However, in 
such cases, adequate information on the combination of subassemblies needs to be provided in accordance with 

6.8.3 a). 

19.3 a), table IV, note 3) 
Addition: 

For permanently installed high-voltage generators, the earth leakage current under 
normal condition and single fault condition shall not exceed 10 mA. 

19.3 a), table IV, note 4) 
Addition: 

For mobile X-ray equipment and transportable X-ray equipment, the earth leakage 
current under normal condition shall not exceed 2,5 mA and under single fault condition 
shall not exceed 5 mA. The enclosure leakage current under single fault condition shall 
not exceed 2 mA. 

19.3 b), table IV, note 3) 
Addition: 

For permanently installed high-voltage generators, regardless of waveform and frequency, 
the earth leakage current under normal condition and single fault condition shall not 
exceed 20 mA. 

20 Dielectric strength 

This clause of the General Standard applies except as follows: 

20.3 Values of test voltages 

Addition: 

The dielectric strength of the electrical insulation of high-voltage circuits shall be sufficient to 
withstand the test voltages for the durations given in 20.4 a) and in table 102. 

The test shall be made without an X-ray tube connected and with a test voltage of 1,2 trmes 
the nominal X-ray tube voltage of the high-voltage generator. 

If the high-voltage generator can be tested only with the X-ray tube connected and if the 
X-ray tube does not allow the high-voltage generator to be tested with a test voltage 
of 1,2 times the nominal X-ray tube voltage, the test voltage shall be lower but not less than 
1,1 times that voltage. 
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Addition 

20.3.101 For one-peak high-voltage generators, the test voltage for the high-voltage circuit 
shall be referred to the no-load half cycle if the X-ray tube voltage for the no-load half cycle 
is higher than in the on-load half cycle. 

20.3.102 For high-voltage generators intended for operation in both intermittent mode 
and continuous mode, and in which the nominal X-ray tube voltage for continuous mode 
does not exceed 80 % of that for intermittent mode, the test voltage for the high-voltage 
circuit shall be referred to the value for intermittent mode, and the test shall be carried out in 
that mode only. 

20.4 Tests 

Item a) 

Addition: 

The high-voltage circuits of high-voltage generators or subassemblies thereof are tested by 
applying a test voltage of 50 % of its final value according to 20.3 and raising it over a period of 
10 s to the final value which is then maintained for the duration given in table 102. 

If during the dielectric strength test there is a risk of overheating a transformer under test, it is 
permitted to carry out the test at a higher supply frequency. 

Table 102 - Duration of dielectric strength test 



High-voltage circuits tested in: 


Duration " J 


intermittent mode 


3 min 


CONTINUOUS MODE 


15 min 


l) For testing with an X-ray tube see 20,4 aa) 1) and 20.4 aa) 2). 



Item d) 

Addition: 

During the dielectric strength test, the test voltage in the high-voltage circuit should be kept as 
close as possible to 100 %, and is not to be outside the range of 100 % and 105 % of the value 

required. 

Item f) 

Addition: 

During the dielectric strength test of high-voltage generators slight corona discharges in 
the high-voltage circuit are to be disregarded if they cease when the test voltage is lowered 
to 110 % of the voltage to which the test condition is referred. 

Item /; 

Addition: 

The test voltage for the dielectric strength testing of stator and stator circuit used for the 
operation of the rotating anode of the X-ray tube is to be referred to the voltage existing after 
reduction of the stator supply voltage to its steady state operating value. 
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Additional item aa): 

1) High-voltage generators or subassemblies thereof, that are integrated with an X-ray 
tube assembly are to be tested with an appropriately loaded X-ray tube. 

2) If such high-voltage generators do not have separate adjustment of the X-ray tube 
current, the duration of the dielectric strength test is to be reduced to such an extent that 
the allowable X-ray tube load at the increased X-ray tube voltage will not be exceeded. 

3) If the dielectric strength test is performed with an X-ray tube connected and the high- 
voltage circuit is not accessible for the measurement of the test voltage applied, appropriate 
measures are to be taken to ensure that the values lie within the limits required in 20 A d). 



SECTION 4: PROTECTION AGAINST MECHANICAL HAZARDS 
The clauses and subclauses of this section of the General Standard apply except as follows: 

Addition: 

NOTE - Some parts attached to an X-ray generator are considered to be associated equipment and are covered 
by IEC 60601-2-32. 

SECTION 5: PROTECTION AGAINST HAZARDS FROM UNWANTED OR 

EXCESSIVE RADIATION 

The clauses and subclauses of this section of the General Standard apply except as follows: 

29 X-RADIATION 

This clause of the General Standard applies except as follows: 

29.1 Replacement: 

29.1 X-radiation generated by diagnostic X-ray generators containing high-voltage 

GENERATORS 

Addition: 

29.1.101 General requirements 

High-voltage GENERATORS of diagnostic X-ray generators shall comply with the applicable 
requirements of IEC 60601-1-3; see 1.3.101. 

29.1.102 Indication of operational states 

a) Ready state in intermittent mode 

Visible indication shall be provided on the control panel indicating the state when one further 
actuation of a control from that control panel will initiate the loading of the X-ray tube in 

INTERMITTENT MODE. 

If this state is indicated in intermittent mode by means of a single function indicator light, the 
colour green shall be used; see 6.7 a). 
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In intermittent mode, means shall be provided for a connection to enable this state to be 
indicated remotely from the control panel. This requirement does not apply for X-ray 

GENERATORS Of MOBILE EQUIPMENT. 

NOTE - The actuation of a single control with two consecutive positions - as used for starting a rotating anode and 
setting other preparatory conditions - is regarded as a single actuation. 

b) Loading state 

The loading state shall be indicated by a yellow indicator light on the control panel of the 
high-voltage generator; see 6.7 a). Additionally, 

- in intermittent mode, provision shall be made for the connection of a signalling device, 
audible at the location from which the equipment is operated, to indicate the instant of 
termination of loading, 

- in continuous mode, means shall be provided for connections to be made so that the 
loading state in continuous mode can be indicated remotely from the control panel. This 
requirement does not apply for X-ray generators of mobile equipment. 

c) Indication of the X-ray source assembly selected 

Where a high-voltage generator has provisions to select more than one X-ray tube, an 
indication of the X-ray tube selected shall be provided on the control panel prior to the 

LOADING Of the X-RAY TUBE. 

Where a high-voltage generator has provisions to initiate the loading of more than one 
X-ray tube from a single location, means shall be provided for the connection of an additional 
indication to be given at or near each X-ray tube selectable. 

d) Indication of automatic modes 

For high-voltage generators operating with automatic control systems, the preselected 
mode of automatic operation shall be indicated on the control panel. 

e) Ranges in automatic exposure control 

For HIGH-VOLTAGE GENERATORS Operating in INTERMITTENT MODE in which AUTOMATIC EXPOSURE 

control is achieved by varying one or more loading factors, information about the range 
and interrelation of these loading factors shall be given in the instructions for use. 

In addition, this information shall be provided in a form suitable to be displayed at a prominent 
location on or near the control panel of the high-voltage generator. 

Compliance is checked by inspection and by the appropriate functional tests. 

29.1.103 Limitation of radiation output 

a) Means shall be provided to limit the electric energy to be delivered by the use of fixed or 
preselected combinations of suitable loading factors and modes of operation. 

However, for modes of operation used in such techniques as radioscopy or cineradiography, 
the duration of the loadings may be under the continuous control of the operator. 

b) Each loading shall be initiated and maintained by means of a control requiring continuous 
actuation by the operator. 

c) It shall not be possible to initiate any subsequent irradiation or, in serial radiography, any 
subsequent series without releasing the control by which the previous irradiation was initiated. 
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d) Means shall be provided for the operator to terminate each loading at any time before its 
intended completion, except during serial radiography or for single loadings wjth a loading 
time of 0,5 s or less. 

During serial radiography, the operator shall be able to terminate the loadings at any time, 
but means may be provided to permit completion of any single loading of the series in 
progress. 

e) Any control by which the loading of an X-ray tube can be initiated shall be safeguarded 
against unintended actuation. 

NOTE - Safeguarding against unintended actuation is only possible insofar as the wearing of protective gloves or 
the use of footswitches remain practicable. 

Compliance is checked by inspection and by the appropriate functional tests. 
29.1.104 Safety measures against excessive radiation output 

a) In the case of a failure of its normal termination, the irradiation shall be terminated by a 
safety measure. 

b) For operation in continuous mode, when the duration of irradiation is determined by the 
operator while it is in progress, a timing device shall be provided to give an audible warning 
signal to the operator of the completion of accumulated periods of loading. The timing 
device shall have the following characteristics: 

1) it shall be possible to set the timing period of the device so as to permit subsequent 
loadings to accumulate a duration up to five minutes without any warning being given. 
Provision may also be made for periods shorter than five minutes to be set. Any loading 
made without the device having been set and any loading made subsequently to the expiry 
of its most recently set period shall cause an audible warning signal to be given continuously 
while such loading is taking place; 

2) it shall be possible to reset the device at any time, without prevention or interruption of 
loading, in order to stop the warning and to permit further periods of loading, each not 
exceeding five minutes, to be accumulated, during which no warning is given; 

3) any control for setting or resetting the time period shall be separate from any irradiation 

SWITCH. 

c) In addition to the timing device required in item b) above, means shall be provided to ensure 
automatic termination in the event of loading in continuous mode having continued without 
interruption for a period exceeding 10 min. In the event of termination being effected by these 
means in normal condition, it shall be possible to resume loading by releasing and re- 
actuating the IRRADIATION SWITCH. 

d) In intermittent mode, if the normal termination is not effected upon the basis of a radiation 
measurement, continuous actuation by the operator in accordance with 29.1.103 b) shall 
suffice as the safety measure required in item a) above. 

e) In intermittent mode if the normal termination depends upon a radiation measurement the 
safety measure shall comprise means for termination of irradiation in the event of a failure of 
the normal termination. 

Either the product of X-ray tube voltage, X-ray tube current and irradiation time shall be 
limited to not more than 60 kJ per irradiation or the current time product shall be limited to 
no more than 600 mAs per irradiation. 
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The system for normal termination of irradiation and the system used for the safety measure 
shall be separated so that a failure in one system does not affect termination by the other 
system. 

A visible indication at the control panel shall be provided whenever a loading has been 
terminated by the safety means required. Another loadIng in the same mode of operation shall 
not be possible until a control device provided for resetting has been operated at the control 

PANEL. 

f) For high-voltage generators provided with automatic intensity control or automatic 
exposure control, a method by which the operator can verify the functioning of these controls 
shall be provided and the instructions for use shall contain the description of that method. 

Compliance is checked by inspection and by the appropriate functional tests. 

29.1.105 Connection of external interlocks 

High-voltage generators, except those of dental X-ray generators and transportable 
X-ray generators, shall be provided with connections for external interlocks or other 
electrical devices that can be positioned remotely from the high-voltage generator and can 
cause the X-ray generator to stop emitting X-radiation and can prevent the X-ray 
generator from starting to emit X-radiation. 

NOTE - An example of the use of this facility would be to ensure the presence of protective shielding durino 

RADIOSCOPY. a 

Compliance is checked by inspection and by the appropriate functional tests. 

29.1.106 Adequate range of loading factors 

a) General requirement 

For all their specified applications, high-voltage generators shall make available adequate 
ranges of combinations of loading factors, so that the delivery of unnecessarily high 
absorbed doses to patients can be avoided. 

b) Systems for automatic control of loading factors shall provide an adequate range of 
combinations of preselectable loading factors, so that the automatic control is applied in 
ranges enabling the general requirement in item a) to be met. 

c) In high-voltage generators specified for dental applications, the increments of scale 
values of X-ray tube current or irradiation time or current time product shall be not 
greater than 25 %. 

d) In high-voltage generators specified for dental applications and operating at one X-ray 
tube voltage only, the available current time product shall cover a range in which the ratio 
of the highest to the lowest current time product is at least 16. Corresponding ranges of 
current time product values shall be covered if more than one X-ray tube voltage can be 
used. 

NOTE - It is recommended to use scale increments according to the R'10 series; see annex BB. 

e) For irradiation times shorter than 0,063 s in one-peak high-voltage generators and 
two-peak high-voltage generators specified for dental applications where, because of 
dependence on the frequency of the supply mains, it is not possible to provide all values 
belonging to the geometrical series within the range, missing values and consequently different 
geometrical intervals between the values provided shall be recognisable on the scale and shall 
be explained in the accompanying documents. 
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f) In systems for automatic control of loading factors in continuous mode the general 
requirement of item a) shall be considered to be met if 

- at least two appropriately differentiated levels of the controlled quantity can be selected, or 

- at least two appropriately differentiated levels of one characteristic loading factor, or 
appropriately differentiated functions of interdepending loading factors can be selected, or 

- additionally, manual control without the use of the automatic control system is possible. 

g) High-voltage generators designed for radioscopy shall be provided with means for the 
available combinations of loading factors in continuous mode to be restricted to correspond, 
in particular installations, to any limit applying to the maximum air kerma rate available from 
the X-ray equipment, in order to comply with local regulations. 

When a high level control is provided, a continuous audible signal shall indicate that the high 
level control is actuated. 

Compliance is checked by inspection and by the appropriate functional tests. 

36 Electromagnetic compatibility 

This clause of the General Standard applies except as follows: 

Replacement: 

IEC 60601-1-2 shall be applicable. 



SECTION 6: PROTECTION AGAINST HAZARDS OF IGNITION OF 
FLAMMABLE ANAESTHETIC MIXTURES 

The clauses and subclauses of this section of the General Standard apply. 



SECTION 7: PROTECTION AGAINST EXCESSIVE TEMPERATURES AND 

OTHER SAFETY HAZARDS 

The clauses and subclauses of this section of the General Standard apply except as follows: 

42 Excessive temperatures 

This clause of the General Standard applies except as follows: 

42.1 Addition: 

Restrictions on allowable maximum temperature for parts in contact with oil shall not apply to 
parts wholly immersed in oil. 
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SECTION 8: ACCURACY OF OPERATING DATA AND PROTECTION 
AGAINST HAZARDOUS OUTPUT 

The clauses and subclauses of this section of the General Standard apply except as follows: 

Addition: 

NOTE - Many variable factors affect the relationship between the output parameters of a high-voltage generator 
and the attainment of particular radiographic results in the X-ray equipment. Even when there is compliance with 
this standard, it is not to be expected in daily radiographic practice that loading factors determined for any 
purpose on one installation can be transferred to other installations for the same purpose, without correction. 

50 Accuracy of operating data 

This clause of the General Standard applies except as follows: 

Replacement: 

50.1 General 

For high-voltage generators or subassemblies thereof it shall be possible to demonstrate 
compliance with the requirements of 50.102 and 50.103 by application of the relevant tests 
under the conditions of 50.104 and 50.105, in all combinations of subassemblies of an X*ray 
generator that are specified in the accompanying documents as being compatible for 
compliance with this standard. 

Compliance of high-voltage generators or subassemblies thereof with the requirements of 
50. 102 and 50. 103 is to be tested in one or more suitable combinations with X-ray tubes and 
appropriate subassemblies of an X-ray generator, specified in the accompanying documents 
as suitable for this purpose. 

50.101 Indication of electric and radiation output 
50.101.1 General 

a) Adequate, information shall be available to the operator before, during and after the 
loading of an X-ray tube, about fixed, permanently or semi-permanently preselected or 
otherwise predetermined, loading factors or modes of operation so as to enable the 
operator to preselect appropriate conditions for the irradiation and subsequently to obtain 
data necessary for the estimation of the absorbed dose received by the patient; see 50.101.2 
and 50.101.3. 

Discrete values of indicated loading factors tiaving an essentially proportional relation to the 
amount of X-Radiation produced, particularly values for X-ray tube current, loading time and 
current time product, shall be chosen from the series R'10 or R'20 according to ISO 497. 

If compliance with this standard of loading factors indicated in a series R'10 is to be 
determined by using the theoretical (calculated) values according to annex BB, this shall be 
indicated in the accompanying documents. 

b) In high-voltage generators for dental radiography with OBJECT programmed control, 
the following requirements apply to adjustments provided to compensate for the variable 
sensitivity of recording media by controlling the X-ray tube current or the irradiation time: 

1 ) the available range of adjustment of the controlled parameter shall not be less than 4 to 1 ; 

2) the values of the controlled parameter resulting from adjacent settings of the adjustment 
shall be in the series R*1 with an interval of 1 ,25 or 1 ,6. 
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c) The units of indication shall be as follows: 

- for X-RAY TUBE VOLTAGE, kilovolts; 

- for X-ray tube current, milliamperes; 

- for loading time, seconds; 

- for irradiation time, seconds; 

- for current time product, mitliampereseconds; 

- in continuous mode for radioscopy, the irradiation time may be indicated decimally in 

minutes. 

d) Compliance with the requirements of 50. 101. 1 a) to 50. 101. 1 c) is checked by inspection. 

50.101.2 Shortened indication 

a) For high-voltage generators operating with one or more fixed combinations of loading 
factors the indication on the control panel may be confined to the value of only one of the 
significant loading factors for each combination, for example the value of X-ray tube 

voltage. 

In this case, the indication of the corresponding values of the other loading factors in each 
combination shall be given in the instructions for use. 

In addition, these values shall be listed in a form suitable to be displayed at a prominent 
location on or near the control panel. 

b) For high-voltage generators operating with fixed combinations of semi-permanently 
preselectabie loading factors, the indication on the control panel may be confined to a 
clear reference to the identity of each combination. 

In this case, provisions shall be made to enable 

- the values of each combination of semi-permanently preselected loading factors set at 
the time of installation to be recorded in the instructions for use, and in addition to enable 

- the values to be listed in a suitable form to be displayed at a prominent location on or near 

the control panel. 

50.101.3 Indication of varying loading factors 

For HIGH-VOLTAGE GENERATORS Operating With AUTOMATIC INTENSITY CONTROL in RADIOSCOPY, 

continuous indication of the loading factors that vary shall be given at the control panel. 

50.102 Reproducibility, linearity and constancy 

NOTE - 50.101 and 50.102 contain requirements on operating data for diagnostic high-voltage generators, as 
part of X-ray generators, that are considered essential for protection against incorrect output. High-voltage 
generators of higher performance are often necessary to ensure the consistent attainment of desired levels of 
diagnostic capability. 
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50.102.1 Reproducibility of the radiation output in intermittent mode without automatic 
exposure control activated 

The coefficient of variation of measured values of air kerma shall be not greater than 0,05 for 
any combination of loading factors. 

Compliance is determined by tests according to 50.104, 50.105 and table 10S t in suitable test 
combinations; see 50.1. 

50.102.2 Linearity and constancy in intermittent mode 

a) Linearity of air kerma over limited intervals of loading factors 

For operation in intermittent mode the quotients of the average of the measured values of 
air kerma divided by the preselected values or the indicated values of current time product, 
or the product of the values of X-ray tube current and irradiation time, obtained at any two 
settings of the above loading factors when preselection is continuous and the preselected 
values differ by a factor as close as possible to but not exceeding 2, shall not differ by more 
than 0,2 times the mean value of these quotients: 

] Qi Q 2 * 2 

*1. + .*2 



I * 1 * 2 k02 /lfl ' 2 ' 2 

1 Mi hh '" ' 2 

where 

Ki > K 2 are the averages of the measured values of air kerma; 

Qi andCfc are the indicated current time products; 
/1 and h are the indicated X-ray tube currents; 
fi and h are the indicated irradiation times. 

Compliance is determined by tests according to 50.104, 50.105 and table 105, in suitable test 
combinations; see 50. 1. 

b) Constancy of automatic exposure controls 

In the operation of an automatic exposure control in intermittent mode to control 
irradiation for direct radiography, the variation of optical density in the resultant 
radiograms shall not exceed a value of 

1) 0,15 arising from changes of the X-ray tube voltage, the thickness of the irradiated 
object being constant, 

2) 0,20 arising from changes in the thickness of the irradiated object, the X-ray tube 
voltage being constant, 

3) 0,20 arising from changes in both the X-ray tube voltage and the thickness of the 
irradiated object, 

4) 0,10 for unchanged X-ray tube voltage and constant thickness of the irradiated object. 
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The above requirements do not apply to automatic exposure controls designed for use in 

DENTAL PANORAMIC TOMOGRAPHY. 

Compliance is determined by the following test 

aa) Method 

Measure the optical density of radiograms of phantoms made of water or other tissue 
equivalent material, produced with the automatic exposure control in operation. 
Determine the variations of density for different phantom thicknesses and for different X-ray 
tube voltages. 

bb) Test arrangement 

Use a test arrangement with the following characteristics; see also figure 102: 

1) a focal spot to image receptor DISTANCE of 100 cm, remaining unchanged for all tests 
in a series; 

2) an 18 x 24 radiographic cassette as X-ray image receptor, the same cassette being 
used for all tests in a series; 

3) an X-ray source assembly of a type specified for use with the high-voltage generator 
under test. The X-ray field is aligned and adjusted to 18 cm x 24 cm at the entrance 
surface of the cassette and remains unchanged for all tests in a series; 

4) provision for mounting the measuring chamber of the automatic exposure control in a 
manner and position corresponding to normal use; 

5) provision of phantoms of three different thicknesses, 10 cm, 15 cm and 20 cm, each of a 
size to cover the cassette fully, the phantom in use for a particular test being mounted as 
close as possible to the entrance surface of the cassette; 

6) provision of a focused grid having the appropriate application limits; 

7) provision for accurate and reproducible film processing and for measuring the optical 
density of the processed films. 

cc) Radiographic film and intensifying screen 

Use a combination of radiographic film with a gradient close to 2 and an intensifying screen 
of a type specified to be suitable for normal use of the automatic exposure control. 

For any one series of tests, select pieces of film from the same batch, for which consistency of 
characteristics has been verified. 

dd) Setting the automatic exposure control 

1 ) Select the central field of the measuring chamber of the automatic exposure control. 

2) Make any adjustments required in accordance with the instructions for use to apply 
the density correction for the type of film-screen combination in use and to produce a 
measured optical density in the processed film of 1,1 to 1,3, when operating at an X-ray 
tube voltage of 80 kV, using the 15 cm phantom. 
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ee) Selecting the X-ray tube current 



Except when testing an automatic exposure control that operates with a fixed irradiation 
time, select a value of X-ray tube current that will result in irradiation times during the tests 
exceeding three times the shortest specified irradiation time but not exceeding 1 s. Record 
any selected value. 

If no suitable value of X-ray tube current can be selected, use a different focal spot to 
image receptor distance to enable the stated range of irradiation times to be achieved with 
the nearest available setting of X-ray tube current. 

ff) Test LOADINGS 

Make eight test loadings, using the combinations of X-ray tube voltage and phantom 
thickness indicated in table 103 and four additional loadings at 80 kV with 15 cm phantom 
thickness. Process the films; measure and record the optical density of each image. 

Table 103 - Loadings for testing automatic exposure controls 



X-RAY TUBE VOLTAGE (SBB note 1) 

kV 


Phantom thicknesses 

cm 


60 (see note 2) 


10 and 15 


80 


15 and 20 


100 


15 and 20 


120 (see note 2) 


10 and 15 


NOTE 1 - If any of these values are not selectable, use the nearest selectable value. 

NOTE 2 - If this value is outside the specified range, use the nearest value within 
the specified range and select other values as evenly spaced as possible in the 
reduced range. 



gg) Compliance criteria 

Compliance is achieved if 

1) for the four loadings made with the 15 cm phantom, no measured value of optical 
density differs by more than 0, 15 from the mean of the four values and no value differs by 
more than 0, 15 from the value for an adjacent step of X-ray tube voltage, 

2) for each of the four pairs of loadings made at the same X-ray tube voltage (with 
phantoms of different thickness), no measured value of optical density differs by more than 
0,2 from the other value in the pair, 

3) for the whole series of eight loadings, no measured value of optical density differs by 
more than 0,2 from the mean of the eight values, 

4) for five loadings at constant test parameters, 80 kV with 15 cm phantom thickness, no 
measured value of optical density differs by more than 0, 1 from the mean value of the five 
values. 
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50.103 Accuracy Of LOADING FACTORS 

NOTE - 50.101 and 50.102 contain requirements on operating data for diagnostic high^voltage generators, as 
part of X-ray generators, that are considered essential for protection against incorrect output. High-voltage 
generators of higher performance are often necessary to ensure the consistent attainment of desired levels of 
diagnostic capability. 

In X-RAY GENERATORS With AUTOMATIC CONTROL SYSTEMS where the X-RAY TUBE VOLTAGE or the 

X-ray tube current, or both, is intended to vary during the irradiation, the accuracy of the 
intentionally varied loading factor required in 50.103.1 and 50.103.2, shall be disregarded. 

In high-voltage generators the requirements of this subclause apply to the accuracy of all 
values of loading factors, whether indicated, fixed or preselected when compared with 
measured values of the same loading factor. 

Compliance is determined by tests according to 50. 104. 

50.103.1 Accuracy of X-ray tube voltage 

For operation of a high-voltage generator in any specified combination with subassemblies 
nand components of an X-ray generator, the error of the value of the X-ray tube voltage, in 
any combination of loading factors, shall be not greater than 10 %. 

The increment or decrement of the X-ray tube voltage between any two indicated settings 
shall be within 50 % and 150 % of the indicated change. 

50.103.2 Accuracy of X-ray tube current 

For operation of high-voltage generators in any specified combination with subassemblies 
and components of an X-ray generator, the error of the value of the X-ray tube current, in 
any combination of loading factors, shall be not greater than 20 %. 

50.103.3 Accuracy of loading time 

For operation of high-voltage generators in any specified combination with subassemblies 
and components of an X-ray generator, the error of the value of the X-ray tube loading 
time, in any combination of loading factors, shall be not greater than ± (10 % + 1 ms). 

50.103.4 Accuracy of current time product 

For operation of high-voltage generators in any specified combination with subassemblies 
and components of an X-ray generator, the error of the value of the X-ray tube current 
time product, in any combination, shall be not greater than ± (10 % + 0,2 mAs). 

This requirement also applies in cases when the current time product is derived by 
calculation. 

50.104 Test conditions 

Tests for compliance of loading factors with the requirements of 50.102 and 50.103 shall be 
conducted under the following conditions. 

A survey of the following minimum required combinations of loading factors is given in annex CC. 
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50.104.1 X-RAY TUBE VOLTAGE 

a) Intermittent mode 



One measurement shall be made at the lowest indicated value of X-ray tube voltage, the 
highest available X-ray tube current for that X-ray tube voltage and the shortest indicated 
value of irradiation time. 

One measurement shall be made at the lowest indicated value of X-ray tube voltage, the 
highest available X-ray tube current for that X-ray tube voltage and an irradiation time of 
approximately 0, 1 s. 

One measurement shall be made at the highest indicated value of X-ray tube voltage and 
the highest available X-ray tube current for that X-ray tube voltage and an irradiation 
time of approximately 0,1 s. 

b) Continuous mode 

One measurement shall be made at 90 % of the maximum available X-ray tube voltage and 
any X-ra y tube current. 

One measurement shall be made at 60 % of the maximum available X-ray tube voltage and 
any X-ray tube current. 

50.104.2 X-RAY TUBE CURRENT 

a) Intermittent mode 

One measurement shall be made at the lowest indicated value of X-ray tube current, the 
highest indicated value of X-ray tube voltage and the shortest indicated value of 
irradiation time. 

One measurement shall be made at the lowest indicated value of X-ray tube current, the 
highest indicated value of X-ray tube voltage and an irradiation time of approximately 0, 1 s. 

One measurement shall be made at the highest indicated value of X-ray tube current, the 
highest available X-ray tube voltage for the tested X-ray tube current and an irradiation 
time of approximately 0, 1 s. 

b) Continuous mode 

One measurement shall be made at 20 % of the maximum available X-ray tube current and 
the lowest available X-ray tube voltage. 

One measurement shall be made at 20 % of the maximum available X-ray tube current and 
the highest available X-ray tube voltage. 

50. 1 04.3 Irradiation time 

a) Determination of the irradiation time 

One measurement shall be made at the lowest indicated value of irradiation time, the 
highest indicated value of X-ray tube voltage and any indicated value of X-ray 'tube 

CURRENT. 

One measurement shall be made at the lowest indicated value of irradiation time and the 
highest available electric power, P. 
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b) Determination of the nominal shortest irradiation time 

Make an irradiation using the automatic exposure control with > 70 % of the available 
generator power at approximately 80 kV. To determine the average air kerma, adjust the 
attenuation in the X-ray beam (preferably by using a water phantom) to achieve an 
irradiation time close to 0, 1 s. 

Make several irradiations with reduced phantom thicknesses using the same X-ray tube 
voltage and generator power as mentioned above. The phantom thickness shall be varied in 
such a way that the irradiation time does not vary more than a factor of two between two 

IRRADIATIONS, 

The nominal shortest irradiation time is determined as the irradiation time: 

- for a loading during which the average air kerma attained does not differ by more than 20 % 
from the average air kerma attained for an irradiation time at least 50 times greater, when 
measured in accordance with 50. 105, and 

- which is no shorter than the shortest irradiation time for which the requirements for 
constancy are met in accordance with 50. 102.2 b) 2). 

50.104.4 Current time product 

One measurement shall be made at the lowest indicated value of current time product and 
the highest available X-ray tube voltage. 

One measurement shall be made at the highest indicated value of current time product and 
the lowest available X-ray tube voltage. 

50.105 Conditions for measuring air kerma 

50.105.1 Measuring arrangements 

Arrange the high-voltage generator or subassembly under test in a suitable combination 
with an X-ray source assembly (and, if applicable, with other subassemblies needed to 
constitute an X-ray generator) specified in the accompanying documents of the unit under 
test as suitable for this purpose. 

Align the X-ray source assembly, the diaphragm and the radiation detector under narrow 
beam condition according to figure 101, as applicable. 

Arrange the attenuating material needed according to figure 101 or select the attenuating 
material specified in 50.105.2 b). Verify the radiation quality according to 50.105.2 a). 

50.105.2 Attenuation and radiation quality for measurement of air kerma 

a) Radiation quality 

Ensure that the radiation quality of the X-ray beam emerging from the X-ray source 
assembly complies with applicable specified conditions for normal use. If no such conditions 
are specified, ensure that the total filtration in the X-ray source assembly is such as to 
comply with the half-value layer requirements in IEC 60601-1-3, table 204, as applicable. 
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Table 104 - Attenuation for the measurement of air kerma 



X-RAY TUBE VOLTAGE 

kV 


Thickness of aluminium 

mm 


40 


4 


50 


10 


60 


16 


70 


21 


80 


26 


90 


30 


100 


34 


120 


40 


150 


45 


NOTE - For intermediate values of X-ray tube voltage, use 
the thickness given for the next higher stated value. 



b) Attenuation 

To simulate the presence of a patient during the measurement of air kerma, add a layer of 
aluminium of sufficient size to intercept the whole of the X-ray beam, the thickness being as 
follows: 

- 6 mm for X-ray generators specified for dental applications; 

- in other cases, a thickness related to the selected X-ray tube voltage in accordance with 
table 104. 

50.105.3 Tests for verifying reproducibility 

Make 10 measurements of air kerma in one hour, at each of the test settings A, B, C and D 
according to table 105. 

Calculate the coefficient of variation for each of the measurement series and the average air 
kerma for test settings C and D, to verify compliance according to 50.102.1 . 

50.105.4 Tests for verifying linearity 

Make 10 measurements of air kerma in one hour, at each of the test settings E and F 
according to table 105. 

Calculate the average value of air kerma for the two measurements series. Use these average 
values and those for test settings C and D from 50.105.3 to verify compliance according to the 
formula in 50.102.2 a). 
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Table 105 - Tests for verifying reproducibility and linearity 



Test setting 


A 


B 


C 


D 


E 


F 


X-RAY TUBE VOLTAGE 


Lowest 


Highest 


50 % of 
highest 


80 % of 
highest 


50 % of 
highest 


80 % of 
highest 


X-RAY TUBE CURRENT 0^ 
CURRENT TIME PRODUCT* 


Highest 


Lowest 


Giving 
1 p.Gy - 5 nGy 


Adjacent to 
setting for C and D 


IRRADIATION TIME* 


Between 0,01 s and 0,32 s for all settings 


As available with the settings defined in previous rows. 



51 Protection against hazardous output 

This clause of the General Standard applies except as follows: 

Replacement: 

Protection against incorrect output is considered to exist by compliance with 29.1.104, 50.102 
and 50.103. 



SECTION 9: ABNORMAL OPERATION AND FAULT CONDITIONS; 
ENVIRONMENTAL TESTS 

The clauses and subclauses of this section of the General Standard apply. 



SECTION 10: CONSTRUCTIONAL REQUIREMENTS 
The clauses and subclauses of this section of the General Standard apply except as follows: 

56 Components and general assembly 

This clause of the General Standard applies except as follows: 

56.7 Batteries 

Addition: 

56.7.101 Charging mode interlock 

Every mobile X-ray equipment having an incorporated battery charger shall be provided with 
means whereby powered movements and the generation of X-radiation by unauthorized 
persons can be prevented without preventing the charging of batteries. 

NOTE - An example of suitable means to comply with this requirement is the provision of a key operated switch 
arranged so that powered movements and the generation of X-radiation are possible only when the key is present 
but battery charging is also possible in the absence of the key. 
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57 Mains parts, components and layout 

This clause of the General Standard applies except as follows: 

57.10 Creepage distances and air clearances 

a) Values 

Addition: 

For X-RAY GENERATORS of PERMANENTLY INSTALLED X-RAY EQUIPMENT the values of table XVI of 

the General Standard for the insulation A-a1 and A-a2 of class i equipment apply up to a 
reference voltage of 660 V in a.c. r.m.s. or 800 V d.c. 

For higher reference voltages, the creepage distances and air clearances 

- shall be not less than those for 660 V a.c. r.m.s. and 800 V d.c. given in table XVI of the 
General Standard, and 

- shall comply with the requirements according to 20.3 of the General Standard on dielectric 
strength for 

Reference voltages Test voltages 

660 V < U < 1 000 V 2 U + 1 000 V 

1 000 V < U < 10 000 V U + 2 000 V 

The dielectric strength test shall be performed under environmental conditions as described 
in 20.4 of the General Standard. 

NOTE - For X-ray equipment installed with fixed and permanently installed protective earth conductor it is assumed 
that there is no risk with regard to the reliability of the protective earth connection. For the same reason there is a 
statement in 19.3 e) of the General Standard that under these circumstances a higher earth leakage current is 
admissible. This aligns with the statements on creepage distances and air clearances in IEC 60664-1 . 
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1 000 mm 



a DIAPHRAGM 

-Attenuating material 
as given in table 104 




X- RAY 
GENERATOR 



RADIATION DETECTOR 



VsSNS><^>sS^^SSSS>sXV 



.PROTECTIVE BARRIER 



Figure 101 - Recommended arrangement for measuring air kerma 
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- 1 000 mm 




X- RAY 
GENERATOR 



DIAPHRAGM 



XSSNSft 



PHANTOM (H 2 0) 



FOCUSED GRID 
Measuring chamber 
RADIOGRAPHIC FILM 



PROTECTIVE BARRIER 



Figure 102 - Recommended arrangement for film density testing automatic control systems 

provided with a transmission chamber 
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Annex A A 

(normative) 

Terminology - index of defined terms 

IEC 60601-1 NG-2... 

IEC 60788 , • rm-..-.. 

Name of unit in the International System SI rm-..-..* 

Derived term without definition rm-..-..+ 

Term without definition rm-..-..- 

Name of earlier unit rm-..-..3 

Shortened term rm-..-.,s 

Absorbed dose rm-13-08 

Accessible part NG-2. 1.2-2 

Accessory rm-83-06 

Accompanying documents rm-82-01 

Air clearance NG-2. 3.1 

Air kerma rm-13-11 

Air kerma rate rm-13-11 and rm-13-13 

Anode heat content rm-36-26 

Apparent resistance of supply mains rm-36-16 

Application limits rm-32-19 

Associated equipment rm-30-01 

Attenuation . rm-12-08 

Automatic control system rm-36-45 

Automatic exposure control rm-36-46 

Automatic exposure control system rm-36-45 and rm-36-46 

Automatic intensity controi rm-36-48 

Capacitor discharge+high-voltage generator rm-21-08 

Cineradiography. rm-41-14 

Class i equipment NG-2. 2. 4 

Constant potential high-voltage generator rm-21-06 

Continuous mode rm-36-42 

Control panel rm-83-02 

Creepage distance NG-2. 3. 3 

Current time product rm-36-13 

Diaphragm rm-37-29 

Direct radiography rm-41-07 

Earth leakage current NG-2. 5.1 

Enclosure NG-2. 1.6 

Enclosure leakage current NG-2. 5. 2 

Entrance surface rm-37-17 

Equipment NG-2.2.11 

Examination room rm-20-22 

Focal spot to image receptor distance rm-37-13 

Focused grid rm-32-09 
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Half-value layer rm-13-42 

High-voltage cable connection rm-20-t8- 

HlGH-VOLTAGE GENERATOR rm-21-01 

INDICATED VALUE rm-73-10 

Instructions for use rm-82-02 

Intensifying screen rm-32-38 

Interlock ZZZZZZZZZZZZZZZ. rm-83-05 

Intermittent mode rm-36-41 

Internally powered equipment NG-2.2.29 

ionizing radiation ZZZZZZ. rm-n-02 

Irradiation ZZ". rm-12-09 

Irradiation switch rm-30-03 

Irradiation time ^ rm-36-11 

Leakage current NG _ 2 53 

LoAD,NG ZZZZ'. rm-36-09 

Loading factor rm-36-01 

Loading state rm-36-40 

Loadingtime rm-36-10 

Mains part m NQ _ 2 1 12 

Mains voltage NG _2 42 

manufacturer ZZZ!!!Z!ZZ!ZZ rm-85-03- 

Measured value rm-73-08 

Mobile equipment NG-2 2 16 

Model or type reference NG-2^12 2 

Narrow beam condition rm-37-23 

Nominal electric power rm-36-19 

Nominal (value) ZZZZ. NG-2.12.3 

Nominal shortest irradiation time ^ rm-36-12 

Nominal X-ray tube voltage rm-36-03 

Normal condition NG _2 10 7 

Normal use ZZZZZZZZZZZZZZZZZ1 rm-82-04 

Object programmed control rm-36-44 

One-peak high-voltage generator rm-21-02 

Operator..." ZZZZZ. rm-85-02 

Over-current release NG-2 9 7 

PAT,ENT rm-62-03 

Patient auxiliary current NG-2.5.4 

Percentage ripple ' [[[[ rm-36-17 

Permanently installed equipment NG-2.2 17 

PHANTOM ZZZZZZZZ rm-54-01 

Protective cover . NG _ 2 1 17 

Protective earth conductor "' NG _ 2 § 7 

Protective earth terminal NG-2 6 8 

Protective glove ZZZZZZZZZZ. rm-64-05 + 

Protective shielding rm-64-01 
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Radiation rm-11-01 

Radiation quality.. rm-13-28 

Radiation quantity rm-13-01- 

RADIOGRAM rm-32-02 

Radiographic cassette.. rm-35-14 

Radiographic film rm-32-32 

Radiography rm-41-06 

Radiological protection rm-60-03 

Radioscopy rm-41-01 

Radiotherapy - rm-40-05 

Rated (value) NG-2.12.8 

Ready state , rm-84-05 

Reconstructive tomography -.. rm-41-19 

Rotating anode X-ray tube rm-22-03+ 

Serial radiography rm-41-09 

Single fault condition "NG-2.10.11 

Six-peak high-voltage generator rm-21-04 

Specific rm-74-01 

Specified -. rm-74-02 

Stand-by state rm-84-03 

Supply mains ■ NG-2.12.10 

Timing device rm-83-03 

Tissue equivalent material rm-35-16 

TOOL NG-2.12.12 

Total filtration rm-13-48 

Transmission chamber rm-51-04 

Transportable equipment ; NG-2.2.23 

Twelve-peak high-voltage generator . rm-21-05 

Two-peak high-voltage generator rm-21-03 

User ^ rm-85-01 

X-radiation rm-11-01- 

X-raybeam : rm-37-05+ 

X-ray equipment rm-20-20 

X-ray field rm-37-07+ 

X-ray generator rm-20-17 

X-ray image receptor rm-32-29 

X-ray source assembly... rm-20-05+ 

X-raytube rm-22-03 

X-ray tube assembly rm-22-01 

X-ray tube assembly heat content rm-36-30 

X-ray tube current rm-36-07 

X-ray tube head rm-20-07 

X-ray tube load rm-36-21 

X-RAY TUBE VOLTAGE rm-36-02 
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Annex BB 

(normative) 

Values of the series R'10 and R'20, ISO 497 

The values, which shall be used according to 50.101.1 a) and 50.101.1 b), for marking and 
indication in fixed gradations of loading factors having an essentially proportional relation to 
the amount of radiation received, shall be chosen as decimal multiples and submultiples from 
the following rounded values of the series R'10 and R'20. 



Calculated values 


R'10 


R'20 


1 ,0000 


1,00 


1,00 


1,1220 


- 


1,10 


1 ,2589 


1,25 


1,25 


1,4125 


- 


1,40 


1,5849 


1,60 


1,60 


1 ,7783 


- 


1,80 


1,9953 


2,00 


2,00 


2,2387 


- 


2,20 


2,5119 


2,50 


2,50 


2,8184 


- 


2,80 


3,1623 


3,20 


3,20 


3,5481 


- 


3,60 


3,9811 


4,00 


4,00 


4,4668 


- 


4,50 


5,0119 


5,00 


5,00 


5,6234 


- 


5,60 


6,3096 


6,30 


6,30 


7,0795 


- 


7,10 


7,9433 


8,00 


8,00 


8,9125 


- 


9,00 
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Annex CC 

(informative) 



Choosing loading factors for tests 



In the testing of high-voltage generators by applying loadings to an X-ray tube assembly 
of a type with which the high-voltage generator is specified to be used, there are severe 
practical limitations to the number of loadings that can be applied. At no time during testing 
should the ratings of the X-ray tube assembly be exceeded. This applies not only to single 
loadings but also to the accumulated effect of repeated loadings on the anode heat content 
and on the X-ray tube assembly heat content. The need to allow time for cooling between 
loadings is likely to be a significant factor in determining the total time required to determine 
compliance with this standard. It is, therefore, important to plan the tests in such a way that 
compliance can be verified with a reasonable minimum number of loadings, otherwise the 
duration and cost of testing can become excessive. When no values for the loading factors 
to be used are specifically stated in the descriptions of tests given in this standard, it is to be 
understood that the tester may choose any value of available loading factors. It is 
recommended, however, that combinations of loading factors used in the tests should 
include those representing the expected "worst case" conditions. If measurements at these 
combinations are favourable to compliance, additional confirmatory measurements may be 
made at other values of available loading factors. As a general rule, it is recommended that 
no more than three points should need to be verified in any given range of required 
compliance, additionally to the initial "worst-case" points. As far as possible, loading factors 
should be chosen, and measurements made, so as to take into account all the requirements for 
which information is required, rather than only one requirement at a time. 

The "worst-case" conditions for compliance with a given requirement may depend on the 
technical features of the design. In the interests of reducing the cost of testing for compliance, 
it is recommended that manufacturers should make available all relevant information, so as 
to enable testers to verify compliance with a reasonable minimum number of test points. 
Tables CC.1 and CC.2 contain recommended combinations of loading factors to be used in 
testing for compliance with 50.102 and 50.103 in the absence of information to the contrary. 

The mains voltage used for the tests should be 90 % of the rated voltage, with an apparent 
resistance of supply mains at the maximum specified value, or the applicable value in table 
101, whichever is the greater. 
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Table CC.1 - Recommended loading factors for the testing of accuracy 



LOADING FACTOR 

under test 


X-RAY TUBE 
VOLTAGE 


X-RAY TUBE CURRENT 


Irradiation time 


X-RAY TUBE VOLTAGE 
(INTERMITTENT MODE) 


* lowest 


highest 


shortest 


* lowest 


highest 


0,1 s approx. 


* highest 


highest 


0,1 s approx. 


X-RAY TUBE VOLTAGE 
(CONTINUOUS MODE) 


* 90 % of highest 


any 


n/a 


* 60 % of highest 


any 


n/a 


X-RAY TUBE CURRENT 
(INTERMITTENT MODE) 


highest 


* lowest 


shortest 


highest 


* lowest 


0,1 s approx. 


highest 


* highest 


0,1 s approx. 


X-RAY TUBE CURRENT 
(CONTINUOUS MODE) 


lowest 


* 20 % of highest 


n/a 


highest 


* 20 % of highest 


n/a 


IRRADIATION TIME 


highest 


any 


* shortest 


highest electric power 


* shortest 


CURRENT TIME PRODUCT 


highest 


* lowest current time product 


lowest 


* highest current time product 


NOTE - * denotes the setting of an available indicated value of the. loading factor under test. The 
values of other loading factors in the same row are settings available in conjunction with this setting 
of the loading factor under test. 
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Table CC.2 - Test settings for measurement of air kerma 



Test 
setting 


X-RAY TUBE 
VOLTAGE 


Irradiation time 


Measured 
air kerma 


X-RAY TUBE CURRENT or 
CURRENT TIME PRODUCT 


A 


lowest 


0,01 s - 0,32 s 




highest applicable 


B 


highest 


0,01 s- 0,32 s 




lowest applicable 


C 


50 % of highest 


0,01 s- 0,32 s 


1 u,Gy - 5 u.Gy 


set as required 


D 


80 % of highest 


0,01 s-0,32 s 


1 u.Gy - 5 u,Gy 


set as required 


E 


50 % of highest 


0,01 s- 0,32 s 




set adjacent to setting for C 


F 


80 % of highest 


0,01 s - 0,32 s 




set adjacent to setting for D 


NOTE 1 - Settings A to D are for testing reproducibility, settings E and F are for testing linearity and 
constancy. 

NOTE 2 - The test procedure requires each combination of loading factors to be reset to the chosen 
values before each of ten loadings. 



These recommendations apply where the object of testing is only to verify compliance with this 
standard in a high-voltage generator for which compliance is claimed by its manufacturer. 
They do not apply to tests carried out for other purposes, for example to obtain information 
about the performance of a design, or to investigate in detail areas in which non-compliance 
has been discovered. 
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Headquarters : 

Manak Bhavan, 9 Bahadur Shah ZafarMarg, New Delhi 110 002 
Telephones : 2323 01 31, 2323 33 75, 2323 94 02 

Regional Offices : 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg 



Eastern 



NEW DELHI 110 002 

: 1/14 C.I.T. Scheme VII M, V. I. P. Road, Kankurgachi 
KOLKATA700 054 



Northern : SCO 335-336, Sector 34-A, CHANDIGARH 160 022 

Southern : C.I.T. Campus, IV Cross Road, CHENNAI 600 1 13 

Western : Manakalaya, E9 MIDC, Marol, Andheri (East) 
MUMBAI400 093 



Telegrams : Manaksanstha 
(Common to all offices) 



{ 



Telephone 

2323 7617 
2323 38 41 



f 2337 84 99, 2337 85 61 
\2337 86 26, 2337 91 20 

{260 38 43 
260 92 85 

{2254 1216,2254 14 42 
2254 2519,2254 2315 

f2832 92 95, 2832 78 58 
\2832 78 91,2832 78 92 

Branches : AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. FARIDABAD. 
GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR. 
NALAGARH. PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM. VISAKHAPATNAM. 
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